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Novel methods of isolation and amplification of progenitor cells
glycopeptides. Since late XIX century, lectins were used to identify blood groups, later on it 1 0 1 not been attempted (5) so far. We developed a gentle, simple procedure for PGC isolation 1 0 2 from stage X by size exclusion. In all our studies we consider that the albumen pH is above 8 1 0 3
for the first 3 days of avian embryo development, trying to emulate the alkaline environment 1 0 4
in which avian embryos develop initially (20, 21).
0 5
Therefore, in order to improve isolation and culture conditions of PGCs, we explore in this 1 0 6 study novel strategies for isolation of PGCs studying the external glycoprotein envelope and 1 0 7 cellular size. We also created the conditions of a novel method for culture PGCs in which the 1 0 8
supplementation of carbohydrate and initial alkaline culture conditions were studied. These 1 0 9
strategies are gentle, quick and most important high quality yields of PGCs can be obtained.
0
Potentially could be useful for many progenitor cells in Regenerative Medicine. 
RESULTS

6
Characterization of PGC-LCs in stage X and HH 8-9 embryos using lectins.
7
The pattern of sugars was very different between the two embryonic stages studied; when equally marked; in the centre there is no any especially marked zone (Fig. 1) . On the contrary, 1 2 3
in HH 8-9 embryos Con A Alexa 488, marked large cells around the cephalic area, where the 1 2 4
PGCs are migrating at this stage of the development (Fig. 2) . When WGA Alexa 594 is used, 1 2 5
small and large cells are labelled over the entire embryonic body (Figs. 2, 3 ).
2 6
Since lectins can bind to various sugars we doubted that they could reveal significant 1 2 7
differences between the two embryonic stages. However, the pattern was not only surprisingly 1 2 8 different but also in embryos HH 8-9 Con A marked large cells in the cephalic area where 1 2 9
PGCs are expected to concentrate at this stage. To confirm that these were PGCs we 1 3 0 conducted a double staining using lectin-glycohistology and VASA immunohistochemistry. It 1 3 1
was confirmed that these large cells were PGCs (Figs. 3, 4) . Therefore, lectin-glycohistology 1 3 2
with Con A Alexa 488 revealed that PGCs are rich in α-D mannosyl and α-D glucosyl 1 3 3 residues when they are migrating to the gonads (Figs. 2, 3, 4) in a specific manner.
3 4
From this study it is clear that during the embryo development the PGCs change their predominately Nacetylglucosamine and later on, they are rich in α-D mannosyl and α−D 1 3 7
glucosyl residues in a specific manner.
3 8
It is important to emphasize that using labelled lectins allowed us to characterize the 1 3 9
composition of polysaccharides in just 10 minutes, and also gave us valuable information for 1 4 0 the next study. 
4 8
The uncertainty about if the affinity between lectin-glycoprotein binding was high enough 1 4 9
was successfully unveiled immediately at the first attempt of isolation. Therefore, in the 1 5 0
following isolations we attempted to go further and the retained cells were subjected to 1 5 1 different culture conditions. We observed in lectin coated-plates that after one hour of 1 5 2 incubation at room temperature, cells were loosely rooted to the plate, as if they were tethered 1 5 3
by a transparent mucous material, and also observed that there were many cells with 1 5 4 morphology compatible with PGCs (Fig. 5) . On the other hand, it is known that the albumen 1 5 5
that is bathing the chick embryo has a pH above 8 for the first 3 days, trying to emulate the 1 5 6 environment in which avian embryos are developed initially (20, 21) , the cells retained by
lectins were cultured under an alkaline environment. Under culture conditions of alkaline pH, 
6 5
Immunohistochemistry confirmed that they were PGCs and revealed that the colonies are 1 6 6
formed by hundreds of positive cells to VASA and SSEA-1 (Fig. 6) 
7 5
Cell strainers
The bibliography is full with descriptions of PGCs and many of them agree in that they are 
8 4
In stage X embryos almost half of the fresh pellet was retained in the cell strainer of 10  μ m 1 8 5
while the other half passed through the smallest size tested (6 μ m estimates by pellet size). and most important the purity of PGCs isolated is almost complete (Fig. 7 ).
9 3
Cultured cells 1 9 4
In order to obtain success in culturing, a minimum number of cells is imperative and the 1 9 5
purity of cellular isolates is also critical. In the case of PGCs there is an additional problem:
female PGCs initiate meiosis, which is incompatible with cellular division earlier than male 1 9 7
PGCs. Most of the studies on chicken PGC isolation have been made with circulating PGCs 1 9 8
and they have been successful with cultured male PGCs, but almost all have failed with 1 9 9
female PGCs. Therefore, all our studies were primarily focused to obtain cultured PGCs from 2 0 0
stage X embryos and also in stage HH 8-9 embryos because in the latter the number of cells
has increased exponentially, both stages are far enough from first signals of meiosis in both 
1 1
Once the PGCs-LC started to appear, the use of hanging cell inserts allowed us an easy 2 1 2 management of medium changes without loosing cells and a closer observation of the cellular 2 1 3 evolution.
In this study we demonstrate that the mucoid envelope of the PGCs in very early stages of 2 1 8 embryo development (after oviposition, comparable to blastocyst stages in mammals) changes 2 1 9 the glycans exposed in a specific manner as embryonic development progresses.
0
Our studies made for carbohydrate characterization of the PGC-LCs in stage X embryos using 2 2 1 lectins revealed that WGA Alexa 594 (with high affinity for Nacetylglucosamine) labeled cells 2 2 2
or cell clusters which could be seen all over the zona pellucida where the PGCs are located at 2 2 3 this developmental stage. In HH 8-9 embryos we found that Con A alexa 488 (specific binding 2 2 4
for αD-mannose) also provided highly efficient, specifically labeling only PGCs of whole HH 2 2 5 8-9 embryos, without background. In our experiments, we saw a perfect match between Con 2 2 6
A alexa 488 and VASA labeling in HH 8-9 embryos. VASA is considered as the only specific 2 2 7
antibody marker of the embryonic germline, from stage X to oocyte differentiation. Until now 2 2 8
good antibodies against chicken VASA were limited but the one used in this study turned out 2 2 9
to be very specific and commercially available. Therefore, in HH 8-9 embryos Con A alexa 2 3 0
488 is specific and can be used alone as marker or as a capturer. However, we must 2 3 1
emphasize that lectin histochemistry advantages are numerous over immunohistochemistry;
particularly it is more stable, cheaper and faster (one single step assay, reaching a clear signal 2 3 3
in a few minutes, with negligible background). Above all of these advantages, lectins are 2 3 4
better characterized with respect to binding specificity than monoclonal antibodies.
3 5
Our studies indicate that a progressive change in the carbohydrate profile is happening after stage X and with an exquisite specificity and affinity in HH 8-9 embryos, respectively.
4 4
Moreover, we also show that lectins selectively retain PGCs on culture dishes lined with these 2 4 5
proteins. In our first attempt, lining for 1 hour at room temperature was enough to immobilize structure of the glycoconjugate(s) with binding competitive studies using different haptens.
5 4
Because of the success obtained in the number of PGC-LCs retained, in our next experiments 2 5 5
we tried to culture the bound PGCs-LC with germ basic culture medium emulating the 2 5 6
alkaline conditions of the blastodisc within the egg the first three days (22). Under these 2 5 7
conditions, in just one step we were able to isolate and culture thousands of PGCs forming 2 5 8 numerous germspheres in 48 hours from one single HH 8-9 embryo. Later on, PGCs were 2 5 9
further amplified and subcultured under standard coculture conditions (13, 23, 24) . As
expected, given the PGC count at different stages and assuming similar lectins´s Kds in all germline chimeras could be produced with an expected 50% success, after PCR-sexing of 2 6 6 these cultures, but not the receptor embryos.
6 7
Despite the differences observed between lectins in our PGC characterization studies, both, 2 6 8
Con A and WGA, were effective in retaining PGCs on the plates. This might be due to the 2 6 9
cross-reactivity of lectin with several sugars (Con A binds αDmannose but also αDglucose).
7 0
Also, we did not exhaustively count the number of cells bound for each ligand; therefore, 2 7 1 differences might exist that were not quantified.
7 2
We also succeeded in segregating, with a very high purity, PGCs from stage X and HH 8-9
2 7 3
gross cell suspensions through cell strainers (size exclusion > 10 μ m), characterizing them 2 7 4
morphometrically (>15 μ m in diameter for HH 8-9 embryos and even larger for stage X >20 2 7 5 μ m, as expected) and immunohistochemically (VASA). Up to date, the cell strainers 2 7 6
commercially available had as minimum a pore size of 40 μ m, however, we used new 2 7 7
commercially available cell strainers of 30, 20, 10 and 6 μ m pore size, which allowed us a 2 7 8
very fine cell sieving.
7 9
The isolation efficiency of stem cells is an important challenge in Regenerative Medicine. In 
8 9
In terms of PGC-LCs long-term culture, we were able to maintain and grow PGCs and germline transmission is higher when PGCs are sourced from less developed embryos (24).
9 6
The earliest source used by the majority of studies in chicken is circulating PGCs because, 2 9 7
although they are not completely naïve, they are present in blood at relatively high 2 9 8
concentrations and handling them in a liquid matrix is easier. These cells have been 2 9 9
successfully amplified in vitro, but, after long periods in culture, two significant problems 3 0 0 arise: a clear bias for male PGCs, and a substantial loss of migration capacity (11). Although 3 0 1
we did not test the gonad colonization and germ line transmission ability of our cells, this 3 0 2 capability has been reported to be lost after longer periods in culture (11, 12) than in our 3 0 3 experiments (77-111 days, vs. 17-20 days in ours).
0 4
We evinced that N-acethyl D+glucosamine supplementation to the culture media could 3 0 5
greatly enhance the amplification of isolated PGC and that gonocyte like cells were very well supplement not only in chicken PGC growth media but also in other progenitor cell media like 3 2 8
NPCs medium, could be the source for important glycoproteins and glycolipids. The very idea 3 2 9
that a proper chemically identification of the carbohydrate and its addition for "in vitro" 
6
In summary, we have first shown that N-acetyl D+glucosamine is an abundant constituent of 3 3 7
the outer cell membrane in the earliest developmental embryonic stages; second that binding 3 3 8
by specific lectins is strong enough to isolate and retain PGCs and, third it is an appropriate years ahead. Enthusiastically, we expect that the procedures exposed in this study will help to 3 4 6 make important advances in regenerative medicine. Herein we reported highly efficient, yet gentle procedures for PGCs isolation from 3 5 0 blastodermal embryonic. The novel strategies improved the efficiency of PGCs isolation Embryos in stage X were dissected after dipping the yolks into cold saline solution. Fertilized 3 6 5 eggs were incubated until chicken embryos reached stages HH 8-9; the cranial part of the 3 6 6 embryos was dissected by using discs of filter paper because at these stages most of the PGCs 3 6 7
are in the cephalic area. After dissection, the embryos were cleaned free from yolk residues 3 6 8 and vitelline membranes under stereoscope. All isolations and some initial culturing 3 6 9
conditions of PGCs were made under alkaline environment (21) and later under standard 3 7 0 culture conditions (13, 24).
7 1
Cell isolations 3 7 2
The cells were dispersed by repeated pipetting, no enzymes were used. Two isolation 3 7 3
procedures were tested in disaggregated cells from stage X and HH 8-9 embryos, some were 3 7 4
seeded onto lectins-coated plates with wheat germ agglutinin (WGA) or Concanavalin A (Con 3 7 5
A) and others filtered through six cell-strainers of decreasing pore size. Histochemical studies 3 7 6
were made on PFA-fixed embryos "in toto", and on isolated cells either in fresh or after 3 7 7
fixation with 5% PFA.
7 8
Characterization of Stage X and HH 8-9 embryos and cell isolates using lectins.
7 9
Lectin-histochemistry. Two labeled lectins, WGA-Alexa 594 and Con A-Alexa 488 3 8 0 (Lifetechnologies), were used at manufacturer's recommended working conditions. Fixed 3 8 1 stage X and HH 8-9 embryos were blocked with 3% BSA and 0.1% triton X-100 in PBS 3 8 2 overnight at 4ºC. Later on, embryos "in toto" were incubated with labeled lectins at 37ºC for 3 9 0 embryos were incubated for two days without CO 2 at 37º C; under these conditions the 3 9 1 medium reaches alkaline pH values emulating albumen pH first three days of embryonic disc 3 9 2 development (20, 21). After that, cells were detached from the plates using specific dilutors 3 9 3
for both lectins with 500 mM N-acetylglucosamine (Vector Labs ES-5100) and 200 mM α -3 9 4
methylmannoside/200 mM α -methylglucoside (Vector Labs ES-1100) for WGA and Con A 3 9 5 coated plates, respectively. On the third day the eluted cells were seeded into 48-well plates 3 9 6
and co-cultured with inactivated BRL under standard conditions with 5% CO 2 , at 37ºC (24).
9 7
Cell strainers 3 9 8
A total of 30 stage X embryos (three batches, 10 embryos/batch) and 15 embryos at stages 3 9 9
HH 8-9 (three batches, 5 embryos/batch) were filtered through cell strainers. The cell mass 4 0 0 recovered from each strainer was evaluated under stereoscope and inverted microscope. In 4 0 1 order to assert that sieving was working, measurements of filtered cell diameters were taken.
0 2
Cell strainers were stacked from up the larger pore size (70 μm) on top, down to the smallest 4 0 3 
2 6
Cells from each embryo were separately seeded in 48-wells plates coated with matrigel and 4 2 7
with a feeder layer of mytomicin treated BRL cells. In all plates controls wells were seeded
with cells from HH 8-9 embryos following Song et al. procedure (2014) . Cells from stage X 4 2 9 embryos were seeded after either filtering through cell strainers (> 10  μm), or isolation with GlcNAc. -N-acethyl D+glucosamine 4 7 7
GnTV. -N-acetylglucosaminyltransferase 
The datasets during and/or analysed during the current study available from the corresponding 4 8 3 author on reasonable request. 
3 4
Characterisation and germline transmission of cultured avian primordial germ cells. 
